We have isolated the gene encoding L-allo-threonine aldolase (L-allo-TA) from Aeromonas jandaei DK-39, a pyridoxal 5-phosphate (PLP)-dependent enzyme that stereospecifically catalyzes the interconversion of L-allothreonine and glycine. The gene contains an open reading frame consisting of 1,014 nucleotides corresponding to 338 amino acid residues. The protein molecular weight was estimated to be 36,294, which is in good agreement with the subunit molecular weight of the enzyme determined by polyacrylamide gel electrophoresis. The enzyme was overexpressed in recombinant Escherichia coli cells and purified to homogeneity by one hydrophobic column chromatography step. The predicted amino acid sequence showed no significant similarity to those of the currently known PLP-dependent enzymes but displayed 40 and 41% identity with those of the hypothetical GLY1 protein of Saccharomyces cerevisiae and the GLY1-like protein of Caenorhabditis elegans, respectively. Accordingly, L-allo-TA might represent a new type of PLP-dependent enzyme. To determine the PLPbinding site of the enzyme, all of the three conserved lysine residues of L-allo-TA were replaced by alanine by site-directed mutagenesis. The purified mutant enzymes, K51A and K224A, showed properties similar to those of the wild type, while the mutant enzyme K199A was catalytically inactive, with corresponding disappearance of the absorption maximum at 420 nm. Thus, Lys199 of L-allo-TA probably functions as an essential catalytic residue forming an internal Schiff base with PLP of the enzyme to catalyze the reversible aldol reaction.
The bioorganic synthesis of ␤-hydroxy-␣-amino acids is attracting a great deal of attention because of their potential application as chiral building blocks for the synthesis of biologically active molecules (6, 7, 24, 32, 33) . A variety of ␤-hydroxy-␣-amino acids are present in complex natural compounds with interesting biological properties. 4-Hydroxy-Lthreonine, for instance, is a precursor of rizobitoxine, a potent inhibitor of pyridoxal 5Ј-phosphate (PLP)-dependent enzymes (32) . 3,4,5-Trihydroxy-L-aminopentanoic acid is a key component of polyoxins (32) . ␤-Hydroxy-␣-amino acids are also constituents of a range of antibiotics, for example, cyclosporin A, lysobactin, and vancomycin (30) and bouvardin and deoxybouvardin (9) . Threonine aldolase (EC 4.1.2.5), which catalyzes the retro-aldol cleavage of certain ␤-hydroxy-␣-amino acids, has also been shown to catalyze synthesis of the substituted amino acids from aldehyde and glycine (24, 32, 33) .
Thus far, two types of threonine aldolases have been purified and characterized. Low-specific-activity L-threonine aldolase (L-TA), previously named L-threonine aldolase, catalyzes the cleavage of both L-threonine and L-allo-threonine to glycine and acetaldehyde, as well as the reverse aldol condensation. The enzymes have been purified from Candida humicola (13, 35) and Pseudomonas sp. strain NCIMB 11097 (5) . L-TA activity has also been shown to exist in mammals (10, 20, 23 ) and a variety of other microbial species (4, 6, 16, 36) . L-allo-Threonine aldolase (L-allo-TA), isolated and purified from Aeromonas jandaei DK-39 (11) , stereospecifically catalyzes the reversible interconversion of L-allo-threonine and glycine. The enzyme is notable for the synthesis of certain homo-chiral ␤-hydroxy-␣-amino acids (11) . L-TA and L-allo-TA are commonly yellow, exhibiting an absorption maximum at 420 nm due to the PLP bound as an internal Schiff base. They also have comparable molecular masses, pH and temperature optima, and thermostabilities. However, the two types of aldolases catalyze the interconversion of a broad range of ␤-hydroxy-␣-amino acids and glycine with distinct stereospecificities. We are interested in determining the structural and functional relationships of L-allo-TA and L-TA, so as to be able to engineer an artificial aldolase with varied stereospecificity.
In this paper, we describe the cloning, sequencing, and overexpression in Escherichia coli cells of the L-allo-TA gene (ltaA) of A. jandaei DK-39 and identification of the active-site lysine residue of the novel enzyme by site-directed mutagenesis. We also report the identification of two hypothetical proteins, GLY1 protein of Saccharomyces cerevisiae and GLY1-like protein of Caenorhabditis elegans, that show significant similarity to L-allo-TA in amino acid sequence. The functions and physiological roles of these proteins are discussed.
MATERIALS AND METHODS
Bacterial strains, plasmids, and culture conditions. A. jandaei DK-39 was used as the source of chromosomal DNA (11 (11) . Recombinant E. coli cells were cultivated at 37°C in Luria-Bertani (LB) medium (1% polypeptone, 0.5% yeast extract, 1% NaCl [pH 7.2]) containing 100 g of ampicillin per ml. For induction of the gene under the control of the lac promoter, 0.2 mM isopropyl-1-thio-␤-D-galactoside (IPTG) was added to the LB medium. To select recombinant cells harboring pUC118 with inserted DNA, 0.01% (wt/vol) 5-bromo-4-chloro-3-indolyl-␤-Dgalactoside (X-Gal) was added to the LB agar (1.5%, wt/vol) medium.
General recombinant DNA technique. Plasmid DNA was isolated by the alkaline sodium dodecyl sulfate (SDS) method. Plasmid DNA from large-scale preparations was purified with a plasmid purification kit from Qiagen Inc. (Chatsworth, Calif.). Restriction enzymes and DNA-modifying enzymes were purchased from Takara Shuzo and Toyobo and used according to the manufacturers' protocols. Transformation of E. coli with plasmid DNA by electroporation was performed under standard conditions, using a BTX ECM 600 electroporation system (Biotechnologies and Experimental Research Inc., San Diego, Calif.). Other general procedures were performed as described by Sambrook et al. (22) .
Cloning of the ltaA gene. Two oligonucleotide primers were purchased from Hokkaido Biosystem Inc. (Sapporo, Japan), each with additional restriction sites (underlined in the following sequences) added to the 5Ј end to facilitate cloning of the amplified product: primer I, 5Ј-CCGAAGCTTATGCGNTAYATHGA YYT-3Ј; and primer II, 5Ј-GCCGAATTCACRTCRTCNCCNACYTC-3Ј. Degenerate positions are indicated by Y for C or T, R for A or G, H for A, C, or T, and N for all bases. Primers I and II were based upon the NH 2 -terminal amino acid sequence of the wild-type L-allo-TA from A. jandaei DK-39. PCR amplification was performed in 50 l of 10 mM Tris-HCl (pH 8.3)-50 mM KCl-1.5 mM MgCl 2 -0.1 mM each deoxynucleotide-100 pmol of each primer-1 g of A. jandaei chromosomal DNA-0.5 U of Taq DNA polymerase at 94°C for 1 min, 53°C for 1.5 min, and 72°C for 1.5 min in a total of 35 cycles. The amplified product was digested with EcoRI and HindIII, separated by agarose gel electrophoresis, and then purified with a Geneclean kit (Bio101 Inc., Vista, Calif.). The amplified DNA of 100 bp was then cloned into pUC118.
Chromosomal DNA isolated from A. jandaei DK-39 cells was partially digested with Sau3AI (21) . The fragments in the molecular size range of 1 to 9 kb were separated by agarose gel electrophoresis and then purified with a Geneclean kit. The fragments were ligated into BamHI-restricted pUC118, and the plasmids were introduced into E. coli XL1-Blue MRFЈ cells to construct a genomic library of A. jandaei DK-39. The genomic library was screened by colony hybridization with the [␣-
32 P]dCTP-labeled 100-bp DNA fragment as a probe. The clone, pAJ3A1, carrying the 5.1-kb DNA fragment was selected for further analysis.
Sequence analysis. pAJ3A1 was used as a sequencing template. The nucleotide sequence was determined by the dideoxy-chain termination method with Cy5 AutoRead and Cy5 AutoCycle sequencing kits and a Pharmacia LKB ALFred DNA sequencer. A homology search was performed by means of the sequence similarity search programs Fasta (2) and Blast (18) . The Clustal W method was used to align the sequences (29) .
Overexpression of the ltaA gene in E. coli. To obtain the entire gene without excessive flanking parts, PCR amplification was carried out in 50 l of 10 mM Tris-HCl (pH 8.3)-50 mM KCl-1.5 mM MgCl 2 -0.1 mM each deoxynucleotide-100 pmol of each primer-1 g of A. jandaei chromosomal DNA-0.5 U of Ex Taq DNA polymerase (Takara Shuzo) at 94°C for 1 min, 65°C for 2 min, and 72°C for 3 min in a total of 30 cycles. The 5Ј primer (5Ј-GCCGAATTCACCaggagGGA TGTCATGC-3Ј) containing a Shine-Dalgarno sequence (lowercase) and an ATG initiation codon (boldface) and the 3Ј primer (5Ј-CCGAAGCTTCATTC CATGAGATTGTCACG-3Ј) with the complement of the TGA termination codon (boldface) were designed on the basis of the nucleotide sequence of the ltaA gene. To facilitate cloning, an additional restriction site (underlined) was incorporated into each primer. The amplified PCR product was digested with EcoRI and HindIII, separated by agarose gel electrophoresis, and then purified with a Geneclean kit. The amplified DNA of approximately 1.1 kb, which contained the complete coding sequences of the ltaA gene, was inserted downstream of the lac promoter of pUC118 and then transformed E. coli XL1-Blue MRFЈ cells. The constructed plasmid was designated pAJPCR.
Feasible purification of L-allo-TA. (i) Preparation of cell extract. Cells of the E. coli transformant harboring overexpression plasmid pAJPCR were grown aerobically at 37°C for 14 h in 500 ml of LB medium containing 0.1 mg of ampicillin per ml and 0.2 mM IPTG. The cells were harvested and then rinsed with 100 mM potassium phosphate buffer (pH 7.5). After being suspended in 20 ml of the same buffer, the cells were disrupted by ultrasonic oscillation at 4°C for 20 min with a model 201M ultrasonic oscillator (Kubota, Tokyo, Japan). The cell debris was removed by centrifugation.
(ii) Hydrophobic column chromatography. The supernatant solution, brought to 30% saturation with ammonium sulfate, was applied to a butyl-Toyopearl 650M column (2.5 by 20 cm). Elution was carried out with a 600-ml linear gradient of 30 to 0% saturated ammonium sulfate in 50 mM potassium phosphate buffer (pH 7.5) at a flow rate of 5 ml/min. The active fractions eluted at an ammonium sulfate concentration of about 12 to 9% were concentrated by the addition of ammonium sulfate to 70% saturation. The precipitate was collected by centrifugation and resuspended in a small volume of 100 mM potassium phosphate buffer (pH 7.5) containing 0.01 mM PLP. After dialysis against the same buffer, the purified enzyme was stored in 50 mM potassium phosphate buffer (pH 7.5) containing 20% (wt/vol) glycerol at Ϫ30°C.
Amino acid sequencing. The NH 2 -terminal amino acid sequence was determined by the Edman degradation procedure with a 6625 ProSequencer (MilliGen, Milford, Mass.). To determine the internal amino acid sequence, the enzyme was digested with lysylendopeptidase (Wako Pure Chemical Industries, Osaka, Japan). The resultant peptide fragments were applied to a C 18 column (4.6 by 150 mm; Tosoh Corp., Tokyo, Japan) and eluted with 0.05% trifluoroacetic acid for 10 min, followed by a linear gradient of 0 to 80% acetonitrile in 0.05% trifluoroacetic acid over 60 min at a flow rate of 1.0 ml/min. Elution was monitored at 215 nm with a UV detector, and fractions were collected. Four of the fractions were subjected to sequence analysis.
Site-directed mutagenesis. Mutants of L-allo-TA from A. jandaei DK-39 were prepared by the method of Kunkel et al. (14) . The mutant enzymes and synthetic mutagenic primers were as follows (underlining indicates the mutagenized nucleotides): K51A, 5Ј-CAGCCTCTGCTCCCAGC-3Ј; K199A, 5Ј-CCAGCCCCG CGGAGAGGC-3Ј; K199C, 5Ј-CGCCCAGCCCGCAGGAGAGGCAGATGG-3Ј; and K224A, 5Ј-CCACCATCGCGCGCAGCC-3Ј. The substitutions were confirmed by DNA sequencing with AutoCycle sequencing kits and a Pharmacia LKB ALFred DNA sequencer. All of the mutant enzymes were produced by E. coli XL1-Blue MRFЈ cells. The mutant enzymes were purified by the procedure used for the wild type except that the purification was monitored by SDSpolyacrylamide gel electrophoresis (PAGE) on a slab gel in the case of the nonactive mutant enzymes.
Enzyme and protein assays. L-allo-TA activity was assayed with L-allo-threonine as a substrate. The reaction mixture comprised 2.5 mol of L-allo-threonine, 0.01 mol of pyridoxal phosphate, 20 mol of Tris-HCl buffer (pH 8.0), and the enzyme, in a total volume of 200 l. The reaction was carried out at 30°C for 15 min and was terminated by the addition of 50 l of 30% trichloroacetic acid. The acetaldehyde released was measured spectrophotometrically by the method of Paz et al. (17) . One unit of the enzyme was defined as the amount of enzyme that catalyzed the formation of 1 mol of acetaldehyde per min under the assay conditions described. To determine the kinetic constants of the enzyme, threonine aldolase activity was measured spectrophotometrically at 340 nm by coupling the reduction of acetaldehyde (oxidation of NADH) with yeast alcohol dehydrogenase (Wako Pure Chemical Industries). The assay mixture comprised 100 mol of Tris-HCl buffer (pH 8.0), 0.2 mol of NADH, 30 U of yeast alcohol dehydrogenase, and appropriate amounts of the enzyme and substrate, in a final volume of 1 ml. One unit of aldolase activity is the amount of enzyme that catalyzes the formation of 1 mol of acetaldehyde (1 mol of NADH oxidized) per min at 30°C. The protein assay was performed with a Bio-Rad protein assay kit.
Nucleotide sequence accession number. The nucleotide sequence reported in this paper will appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases under accession no. D87890.
RESULTS
Cloning of the ltaA gene. The primers used for cloning of the ltaA gene by PCR were based on the NH 2 -terminal amino acid sequence of the purified enzyme from A. jandaei DK-39 as described in Materials and Methods. PCR with the primers and A. jandaei DK-39 chromosomal DNA as the template yielded an amplified band of 100 bp. Only this band was constantly amplified under different PCR conditions. The amplified DNA was then cloned into pUC118 in E. coli. Nucleotide sequencing of the 100-bp fragment showed the presence of an open reading frame (ORF) continuing over the entire sequence. The deduced amino acid sequence of the PCR fragment was in perfect agreement with the NH 2 -terminal amino acid sequence determined from the purified L-allo-TA of A. jandaei DK-39 (11). We then directly performed colony hybridization with the 100-bp fragment as a probe against the established A. jandaei DK-39 genomic library; seven positive recombinant E. coli clones were obtained from about 10,000 transformants. The clone showing the highest L-allo-TA activity (0.3 U/mg) was chosen for further characterization.
The plasmid, pAJ3A1, in this clone contained a 5.1-kb insert. Southern hybridization with the 100-bp PCR fragment as the probe indicated that the ltaA gene is located between the SalI and SacI sites (Fig. 1) .
Sequence analysis of the ltaA gene. Nucleotide sequence analysis revealed that the ORF consists of 1,014 bp starting with an initiation codon, ATG, and ending with a termination codon, TGA, at position 1249 (Fig. 2) . A probable ribosomebinding sequence, AGGAG, is present seven bases upstream of the putative translational start codon (25) . However, sequences similar to the E. coli Ϫ35 sequence (TTGACA) and Ϫ10 sequence (TATAAT) were not found. The ORF encodes a protein of 338 amino acid residues. The predicted molecular weight is 36,294, which is in good agreement with the value determined for the purified enzyme from A. jandaei DK-39 (11). The NH 2 -terminal and internal amino acid sequences coincided with those of the purified enzyme determined by Edman degradation (Fig. 2) .
Overexpression of the ltaA gene in E. coli. The whole ltaA gene amplified by PCR directly from A. jandaei chromosomal DNA, with a putative Shine-Dalgarno sequence (AGGAG), an initiation codon (ATG), and a termination codon (TGA), was inserted into the EcoRI and HindIII sites of pUC118. The plasmid constructed, named pAJPCR, was introduced into E. coli XL1-Blue MRFЈ cells. The nucleotide sequence of the whole amplified gene was further confirmed to have undergone no error matching during PCR by sequencing of the double strands. As shown in Fig. 3 and Table 1 , the recombinant cells produced a large amount of L-allo-TA. Judging from the specific activity of the crude extract, L-allo-TA comprises about 40% of the total soluble protein. The protein was produced only in the presence of IPTG (data not shown), indicating that the lac promoter is essential for overexpression. Lallo-TA was rapidly purified by only one butyl-Toyopearl column chromatography step, with a yield of 62% (Table 1) . The properties of the recombinant enzyme, such as molecular mass, thermostability, optimum pH, optimum temperature, and substrate specificity, were practically identical to those of the enzyme purified from A. jandaei DK-39.
Sequence homology with other proteins. The predicted amino acid sequence showed no significant similarity to those of the currently known PLP-dependent enzymes. However, two hypothetical proteins, the GLY1 protein from S. cerevisiae (15) and the GLY1-like protein from C. elegans (34) , were found to be significantly similar to L-allo-TA in primary structure upon a search of protein amino acid sequence databases (GenBank, EMBL, PIR, and SWISS-PROT) by means of the sequence similarity search programs Blast (2) and Fasta (18) . The GLY1 protein was previously shown by gene disruption studies to possibly be a key enzyme, constituting an additional pathway for glycine synthesis in yeast, besides the well-known pathway for serine hydroxymethyltransferase synthesis, although its enzymatic activity was not elucidated (see Discussion). The GLY1-like protein of C. elegans, as its name indi- cates, was previously shown to be similar to the GLY1 protein of S. cerevisiae in primary structure, but its function remained unknown (34) . Figure 4 shows the alignment of these proteins with L-allo-TA, the identities of the proteins to L-allo-TA being as follows: 40% for GLY1 protein and 41% for GLY1-like protein. Interestingly, three of four lysine residues of the PLPdependent L-allo-TA are conserved in the two hypothetical proteins and L-allo-TA, one of which likely functions as the PLP-binding site of the enzyme. Identification of the active-site lysine residue. To identify the PLP-binding lysine residue of L-allo-TA, specific mutant enzymes were constructed by site-directed mutagenesis as described in Materials and Methods. The enzymatic activities and kinetic constants of the mutant L-allo-TA molecules are summarized in Table 2 . Substitution at either Lys51 or Lys224 showed the invariant enzymatic activity of the wild-type enzyme. The similar kinetic constants of the mutants K51A and K224A and the wild-type enzyme further showed that Lys51 and Lys224 are not essential for the enzymatic reaction (Table  2 ). In contrast, substitution of Lys199 by Ala or Cys abolished all detectable enzymatic activity, and the mutant K199A enzyme showed the disappearance of both the absorption maximum at 420 nm (Fig. 5 ) and the positive circular dichroism band at 420 nm (Fig. 6) (the absorption and circular dichroism spectra of the mutant K199C protein were superimposed on those of K199A [data not shown]), indicating that the Schiff base linkage between the ε-amino group of the active-site lysine residue and the PLP cofactor aldehyde group of the wild type is not present in the K199A and K199C mutant enzymes. To determine whether the isolated inactive polypeptides are the mutant threonine aldolases and whether the alternation might result from global variation in protein structure and not a specific effect of the side chains of the new amino acid, several different aspects were considered. First, the two mutant polypeptides, like the wild-type enzyme, were produced only in the presence of IPTG, and their expression levels were similar to that of the wild-type enzyme, as judged from SDS-PAGE of the cell extracts (data not shown). The modified enzymes migrated on SDS-PAGE and native PAGE like the wild-type enzyme (Fig. 7) . Second, the superimposed circular dichroism spectra (200 to 300 nm) of the wild-type and K199A mutant enzymes suggested that no drastic change in the secondary structure of the mutant molecule had occurred (Fig. 6) . Third, the native molecular weights of the wild-type and mutant K199A and K199C proteins were determined by a HiLoad Superdex 200 gel filtration column (Pharmacia Biotech, Uppsala, Sweden) to be 150,000, which makes extensive conformational changes unlikely. All of these data suggest that the proteins isolated from E. coli are the mutant threonine aldolases and that the tetrameric quaternary structure of the wildtype L-allo-TA is also characteristic of the mutant proteins.
DISCUSSION
A novel PLP-dependent enzyme, L-allo-TA, which shows stereospecific activity toward L-allo-threonine was previously purified and characterized (11) . In this study, we cloned the ltaA gene from A. jandaei DK-39 by PCR, determined the primary structure of the encoded protein, and compared its structure with those of other proteins. To our knowledge, this is the first report of the primary structure of a threonine aldolase.
The gene has a putative Shine-Dalgarno sequence but not a -type promoter. However, L-allo-TA is produced efficiently by E. coli clone cells under regulation of the lac promoter in the presence of IPTG, leading to feasible purification of the enzyme by only one hydrophobic column chromatography. This overexpression-purification system provides us with sufficient L-allo-TA to study the structural and functional relationships of the enzyme and its application.
Like L-allo-TA, many enzymes catalyzing manifold reactions in the metabolism of amino acids require PLP as an essential cofactor. Upon recent computer analysis, these PLP-dependent enzymes were classified into the regiospecific ␣, ␤, and ␥ families (1). (i) The ␣ enzymes, with a few exceptions, catalyze the transformation of amino acids in which the covalency changes are limited to the ␣ carbon atom that carries the amino group forming the aldimine linkage to the coenzyme, such as serine hydroxymethyltransferase, 5-aminolevulinate synthase, and 8-amino-7-oxononanoate synthase. (ii) The ␤ enzymes catalyze ␤-replacement or ␤-elimination reactions. (iii) The ␥ enzymes catalyze ␥-replacement or ␥-elimination reactions. The deduced amino acid sequence of L-allo-TA showed no significant homology to those of the currently known function proteins, including serine hydroxymethyltransferase, which also catalyzes the cleavage of L-allo-threonine to glycine, in addition to the conversion of serine to glycine. Accordingly, L-allo-TA may represent another B 6 enzyme family.
On the other hand, PLP-dependent enzymes were proposed to have a common PLP-binding motif. As judged from the primary structure around the PLP-binding Lys of a number of enzymes, the partial structure, -Ser-X-X-Lys (PLP)-, was suggested to be a structural feature common to pyridoxal enzymes as a whole (3, 8, 28, 31) . It was also shown that many PLP enzymes have the sequence -His-Lys (PLP)- (12, 19, 27) . However, L-allo-TA shows no such typical PLP-binding motifs. By means of site-directed mutagenesis, Lys199 of L-allo-TA was identified as the binding PLP of the enzyme, serving as the catalytic base in the reversible interconversion of threonine and glycine. On inspection of the sequence alignment of the L-allo-TA, GLY1, and GLY1-like proteins (Fig. 4) , we found that the serine residue proximate to the active-site lysine is conserved. To understand whether the sequence -Ser-Lys (PLP)-determines a new type of PLP-dependent enzyme, a study on the role of Ser198 of L-allo-TA is in progress.
Glycine biosynthesis is an important metabolic pathway in both procaryotes and eucaryotes. The glycine synthesis pathway in E. coli has been comprehensively studied, and the hydroxymethyltransferase-catalyzed conversion of serine to glycine has been concluded to be the cell's only source of glycine (26) . As for other microorganisms, the glycine-forming pathway has not been fully elucidated. The results of a recent study by McNeil et al. implied the existence of a pathway more important than the serine-glycine one for cellular glycine synthesis in yeast (15) . In their study, the complementation of a glycine auxotrophic strain led to the isolation of two SHM genes, encoding two serine hydroxymethyltransferases, and an additional GLY1 gene from S. cerevisiae, which is at a separate locus from the two SHM genes. Growth of the wild-type and mutant yeast strains with the two SHM and GLY1 genes disrupted showed that the disruption of GLY1 alone affects the growth rate, whereas disruption of both SHM genes does not. Therefore, they concluded that the GLY1 pathway, rather than the conventional serine-glycine one, might be the major source of glycine in yeast. However, the catalytic activity of the GLY1 protein was unidentified. The significant similarity in primary structure between the GLY1 protein and L-allo-TA found in the present study suggests that the GLY1 gene possibly encodes a threonine aldolase, catalyzing the conversion of threonine to glycine for cell growth. To verify this, we amplified the GLY1 gene from the genomic DNA of S. cerevisiae S288C (ATCC 26108) by PCR and further cloned the gene into pUC118; the transformant E. coli cells displayed obvious threonine aldolase activity, while the host E. coli cells showed no enzymatic activity. The purified enzyme was found to be active toward not only L-allo-threonine but also L-threonine (14a). The stereospecificity toward threonine isomers of the GLY1 enzyme is similar to those of the threonine aldolases from Candida humicola and Pseudomonas sp. strain NCIMB 11097 (5, 13) . Accordingly, the enzyme should be placed in the low-specific-activity L-TA aldolase family. The present results together with those of the previous study indicate that GLY1 threonine aldolase is responsible for the synthesis of cellular glycine from threonine in S. cerevisiae. Likewise, the GLY1-like protein of C. elegans, which is significantly similar to L-allo-TA and GLY1 in primary structure, might also be a threonine aldolase. We therefore speculate that the synthesis of glycine from threonine catalyzed by threonine aldolase might be a general pathway in both procaryotes and eucaryotes.
